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receive a dose above 35 Gy for the stomach, bowel and 
duodenum, and 15 Gy for the kidneys. For each patient, CT 
scans with intravenous contrast were obtained prior to the 
first three fractions using a sliding-gantry in-room CT. 
Directly after imaging, the patient was automatically 
transported by the robotic manipulator of the treatment 
couch to the treatment location in no more than 45 seconds. 
Each of the daily CTs was matched to the planning CT using 
automatic deformable image registration that allowed the 
fast (<1 min) adaptation of OAR contours to match daily 
anatomy. The OAR contours were manually adjusted by a 
radiation oncologist. To evaluate the dose to the OARs, each 
daily CT was matched to the planning CT using a combination 
of spine and fiducial matching, as performed at treatment. 
The same transformation was applied to the planned dose 
distribution, and the dose was evaluated on the new OAR 
contours. 
 
Results: For the stomach, duodenum and small bowel, we 
evaluated the maximum dose, as well as the volume 
exceeding 35 Gy. The Dmax is shown in Figure 1. In all 15 
(3x5) imaged fractions, the Dmax to at least one of these 
OARs was higher than the planned Dmax. The volume above 
35 Gy was between 0 and 0.3 cc at planning, and increased or 
remained constant during treatment. For two patients, a 
clinically significant increase was observed, i.e. to 4.7 cc for 
bowel and 4.4 cc for duodenum, respectively. However, the 
clinical constraint of 5 cc was not violated. Dose to the 
kidneys remained well within constraints. The PTV volume 
receiving 95% of prescribed dose was ≥99% for 3 of the 5 
patients. For two patients with high OAR dose at planning 
(Pt3 & Pt4), the planned coverage was 83% and 66%, resp, 
demonstrating the current limitations imposed by OAR 
constraints.
 
 
Conclusion: In this study, we have employed in-room CT, 
combined with fast deformable image registration, to 
evaluate OAR dose constraints on a daily basis. We have 
observed clinically significant differences in the maximum 
dose to critical OARs, due to anatomical variations. This 
observation, even in this small patient group, demonstrates 
the need for further research on developing adaptive 
strategies to improve CTV coverage while keeping OAR dose 
within the clinical constraints. 
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Purpose or Objective: Ion CT imaging (iCT), as obtained 
from tomographic reconstruction of ion radiographies, can be 
considered an emerging modality for adaptive radiation 
therapy (ART) in ion beam therapy due to accurate 
characterization of the in-room/in-beam anatomy in terms of 
tissue ion stopping power. The purpose of this work is to 
investigate ART feasibility, by limiting the number of low-
dose scanned beam proton radiographies obtained in the 
treatment room, for different detection configurations of list 
mode and integration mode, in combination with high 
resolution anatomical information from the initial treatment 
planning X-ray CT. 
 
Material and Methods: Proton radiographies obtained from 
Monte Carlo simulations (MCRs) are calculated based on 
patient CT images. For each pencil beam, 100 primary 
protons are delivered and the energy at the detector plane is 
converted to Water Equivalent Thickness (WET) relying on 
the Bethe-Bloch formula. List mode is reproduced by tracking 
each proton according to the Maximum Likelihood Path (MLP) 
and assigning each WET value along the estimated trajectory, 
while in integration mode only the most probable WET value 
of the raster point is assigned to a straight trajectory. To 
simulate inter-fractional anatomical changes, the patient CT, 
which is assumed to represent the in-room/in-beam scenario, 
is warped according to three-dimensional (3D) rigid and/or 
Gaussian deformation fields in head-neck and thoracic-
abdominal sites, thus leading to a modified CT (mCT), which 
provides a theoretical representation of the treatment 
planning CT. Digitally Reconstructed Radiographs of mCT 
(mDRRs) are generated and two-dimensional (2D) deformable 
and/or rigid image registration is applied between 
corresponding mDRR and MCR in projection domain. By means 
of dedicated tomographic reconstruction algorithms, which 
rely on estimating the deformation in projection domain, 
high resolution anatomical information from mDRR is merged 
with accurate tissue stopping power from MCR, thus leading 
to combined iCT-CT. In this study, the DRRs of CT are used as 
the gold standard for 2D geometrical quantification. The 
methodological framework is reported in Fig. 1. 
 
 
 
Results: Performance for list mode was slightly better than 
integration mode but for both configurations difference were 
always <35 Hounsfield Unit (HU), translating into maximum 
8% error in Relative Stopping Power (RSP), according to the 
approximate HU-RSP calibration curve. The comparison 
between list mode and integration mode as a function of 
different number of primaries will be presented, considering 
different inter-fractional anatomical changes. Quantification 
in image domain of combined iCT-CT will be performed as a 
function of different numbers of radiographies. 
 
Conclusion: Both configurations enable accurate image 
registration for ART purpose. Conclusions about achievable 
dose reduction for acceptable quality of iCT-CT will be 
drawn. 
Acknowledgements BMBF (01IB13001, SPARTA); DFG (MAP); 
DFG (contract no.VO 1823/2-1)  
 
PO-0910  
Potential increase in dose delivered on a fraction by 
fraction basis by adapting to daily OAR DVCs 
D. Foley
1UCD, School of Physics, Dublin, Ireland Republic of 
1, B. McClean2, P. McBride2 
ESTRO 35  2016                                                                                                                                                  S439 
________________________________________________________________________________ 
2St. Luke's Radiation Oncology Network, Physics, Dublin, 
Ireland Republic of 
 
Purpose or Objective: The feasibility of a technique using 
analysis of on-board CBCT images to adapt the dose to the 
target on a fraction by fraction basis was investigated. The 
new approach involves using the dose volume constraints 
(DVCs) as the objective to be met at each fraction. The dose 
to be delivered could be adapted such that dose to the target 
is maximised each day without any organ at risk (OAR) DVCs 
being broken. 
 
Material and Methods: An in-house registration algorithm 
based on phase correlation was used to register CBCT images 
to the planning CT to determine the transformations and 
deformations in the patients’ anatomy. This allowed the 
original plan to be recalculated on the registered CT image 
that provided the position of the target and organs at risk 
(OARs) for that fraction. With this new dose distribution, the 
DVHs and dose volume constraints (DVCs) values were 
determined for each fraction and accumulated by tracking 
throughout the treatment. 
To determine how the dose could be changed, the DVCs were 
used as limits such that the dose that could be delivered 
would result in the tightest constraint being just met. 
Therefore, the dose was increased until that point or, if a 
DVC was already broken for a given fraction, the dose could 
be reduced by the minimum amount required to ensure that 
the DVC was within tolerance. 
11 patients who underwent prostate treatment were 
retrospectively investigated for this feasibility study. IMAT 
plans consisting of 2 arcs were designed to deliver 74 Gy in 37 
fractions of 2 Gy each to the target. The patients were 
imaged prior to treatment with an on board CBCT imager for 
between 9 and 14 fractions (121 in total). The relevant DVCs 
can be found in Table 1. 
 
 
 
Results: Three of the patients investigated could have 
received higher doses during their treatment without 
breaking their OAR DVCs. In the remaining 8 patients, for 
only 3 fractions (out of 88) could an increase in dose been 
given while staying below the DVC limits. 
The largest individual increase possible for all the imaged 
fractions was of 0.560 Gy. If all changes were made, the 
accumulated increase in dose possible for the three patients 
were 3.98 Gy, 6.89 Gy, and 7.70 Gy, weighting all fractions 
equally and assuming the imaged fractions were 
representative of the patients’ entire treatment. 
 
Conclusion: Analysis of the anatomical condition of the 
patient on the day of treatment can give an indication of how 
suitable the original plan for their treatment is. Adapting the 
dose to be delivered to the patient on a fraction by fraction 
basis has the potential to allow for significant dose escalation 
while staying within institutional DVCs. This could be 
particularly useful in the hypofractionation of treatments. 
Although it is unlikely that in the clinic the dose level would 
be reduced below 2 Gy per fraction, it was also included in 
the calculations here to see how it could theoretically impact 
the treatment. 
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Purpose or Objective: In the context of head and neck 
cancer (HNC) adaptive radiation therapy (ART), this study 
aimed to quantify the dosimetric benefit of various 
replanning frequencies and timings with regard to sparing the 
parotid glands (PG).  
 
Material and Methods: Fifteen locally-advanced HNC patients 
had one planning then six weekly computed tomography (CT) 
scans during the seven weeks of IMRT. Weekly doses were 
recalculated without replanning or with replanning to spare 
the PGs as at the planning. A total of 63 ART scenarios were 
simulated by considering all the combinations of numbers and 
timings of replanning. The cumulated doses corresponding to 
“standard” IMRT (no replanning) and ART scenarios were 
estimated using deformable image registration. Finally, these 
doses were compared to each other and the planned dose by 
using a Wilcoxon Signed-Rank-Test. 
 
Results: The median PG overdose using “standard” IMRT, 
compared to the planned dose, was 1.24 Gy, with a maximum 
of 9.45 Gy. 
The table represents the best scenario for each number of 
replannings, the corresponding mean (min – max) cumulated 
dose, the difference between the planned and the cumulated 
delivered dose. Each ART scenario is better than the planned 
or delivered dose (p < 0.05). 
 
 
 
Table : Best scenario by number of replannings. The mean PG 
planning dose was 30.94 Gy (9.26 – 54.64) 
